Background and objectives Current organ allocation policy prioritizes placement of kidneys (with pancreas) to patients listed for simultaneous pancreas-kidney transplantation (SPK). Patients with type 2 diabetes mellitus (T2DM) may undergo SPK, but it is unknown whether these patients enjoy a survival advantage with SPK versus deceased-donor kidney transplantation alone (DDKA) or living-donor kidney transplantation alone (LDKA).
Introduction
Outcomes of simultaneous pancreas-kidney transplantation (SPK) have markedly improved over the past decade because of advances in immunosuppression and surgical techniques. With 1-year patient and pancreas graft survival rates of 96% and 85%, respectively (1) and evidence of long-term advantages of functional pancreas transplantation upon survival compared with living-donor and deceased-donor kidney transplantation alone (2, 3) , an argument can be made that SPK is the transplantation option of choice for patients with type 1 diabetes mellitus (T1DM).
In response to these improved outcomes and the comparatively poor outcomes of patients who remain on the waiting list for SPK, the United Network for Organ Sharing (UNOS) amended its allocation policy to expedite SPK transplantation. Patients who are waitlisted for SPK are now given allocation priority over other patients awaiting a kidney transplant when a deceased kidney-pancreas organ donor is identified. Median waiting times for SPK are expected to decrease and to further separate from waiting times for deceased-donor kidneys. Before these policy changes, the most recent calculated median waiting times were 406 days for SPK and 1269 days for any kidney transplantation alone (1) .
The preceding outcomes primarily concerned patients with T1DM, but the initial UNOS policy amendment did not specifically segregate this policy by diabetes status. SPK is occasionally performed in patients with type 2 diabetes, and it is unknown whether these survival advantages apply to this subset of SPK recipients. A recent article published in this journal described similar pancreas transplant outcomes in T2DM and T1DM recipients (4) , and an accompanying editorial encouraged the use of SPK in T2DM recipients (5) . If such use were to expand, patients with T2DM could effectively shorten their waiting time by undergoing SPK rather than deceaseddonor kidney transplantation alone (DDKA), which may create a disadvantage for other DDKA-wait-listed patients and T1DM SPK-wait-listed patients.
In response to this potential overrepresentation of T2DM candidates awaiting SPK, UNOS recently approved another amendment to pancreas transplant candidacy, defining an eligible T2DM patient as one who is receiving insulin and has a C-peptide level #2 ng/ml, or one who is receiving insulin and has a C-peptide level $2 ng/ml and a body mass index (BMI) ,28 kg/m 2 (this BMI cutoff may be adjusted according to the percentage of candidates in this category every 6 months, not to exceed 30 kg/m 2 ). These patients will be given allocation priority over other DDKA candidates when a kidney-pancreas donor is identified.
Given the recent changes in outcomes and allocation, an important yet unanswered question is whether pancreas transplantation actually provides a survival advantage over DDKA in the T2DM recipient, as has been shown repeatedly for the T1DM recipient. We tested the hypothesis that selected patients with T2DM who undergo SPK have superior graft and patient survival compared with those receiving a kidney transplant alone, a finding that would support organ allocation that favors SPK for patients with T2DM.
Materials and Methods
This study was reviewed and approved by the Colorado Institutional Review Board. The study population included all adult kidney (DDKA, living-donor kidney transplantation alone [LDKA] , and SPK) recipients with a diagnosis of T2DM undergoing primary transplantation from 2000 through 2008 who were registered in the national Scientific Registry of Transplant Recipients (SRTR). The SRTR data system includes data on all donors, wait-listed candidates, and transplant recipients in the United States, submitted by the members of the Organ Procurement and Transplantation Network. The Health Resources and Services Administration, U.S. Department of Health and Human Services, provides oversight to the activities of the Organ Procurement and Transplantation Network and SRTR contractors. For this study, exclusion criteria were recipient age ,18 or .59 years, prior transplantation, BMI ,18 kg/m 2 or .30 kg/m 2 , or any diagnosis of renal disease other than T2DM. These restrictions were used to more closely define potential candidates for SPK, as reflected in recent changes to UNOS pancreas allocation policy. The primary outcome was patient survival for DDKA versus SPK and for LDKA versus SPK at 5 years after transplantation. The secondary outcomes were kidney graft survival at 1 and 5 years after transplantation for DDKA versus SPK and LDKA versus SPK. For graft survival, both unadjusted graft survival and death-censored patient death were calculated.
With the intent to define any potential biases from donor and recipient characteristics that may support the use of SPK versus DDKA, a multivariable Cox proportional hazards regression model was used to take into account prognostic factors considered to contribute to the risk for kidney graft loss and patient death: donor and recipient age and race, duration of pretransplant dialysis, time on the waiting list, recipient BMI, induction and maintenance immunosuppression, peak panel-reactive antibody 0% versus .0%, HLA mismatches, delayed graft function (need for dialysis within the first 7 days after transplantation), length of cold ischemia time, whether there was an extended-criteria donor, and donor cause of death (cerebrovascular accident, head trauma, other cause).
A separate multivariable analysis was performed for T2DM recipients undergoing LDKA versus SPK, using the same statistical analysis as the preceding comparison. For the multivariable Cox proportional hazards regression model, prognostic factors accounted for were identical to those in the DDKA-versus-SPK analysis, with the following exceptions: (1) waiting time, because 29% of living donor recipients were never placed on the UNOS waiting list, and (2) donor characteristics, because the differences between living donors and deceased donors are so qualitatively different that comparisons between such variables as age and cold ischemia time are uninterpretable.
Graft survival, death-censored graft survival, and patient survival were calculated using Kaplan-Meier estimates and compared using a log-rank test. Hazard ratios were obtained from Cox proportional hazards regression model, with DDKA versus SPK and LDKA versus SPK as covariates in the model. Donor and recipient characteristics were compared between SPK versus DDKA and LDKA groups at time of transplantation using t tests for continuous variables and chi-squared tests for categorical outcomes. All analyses were conducted using SAS software, version 9.2 (SAS Institute, Cary, NC).
Results
We identified 6416 patients classified as having T2DM, age 18-59 years, BMI 18-30 kg/m 2 without previous transplant who underwent DDKA, LDKA, or SPK during 2000-2008. Of these, 4005 had DDKA, 1987 had LDKA, and 424 had SPK. Baseline characteristics of these cohorts are presented in Table 1 . Notably, the SPK cohort was younger, had a shorter waiting time to transplantation, was more likely to receive an organ from a younger donor, and was less likely to be African American. Surprisingly, 40% of the SPK recipients were age 50-59 years, and a significant percentage of these were older than age 55 years. Cold ischemia time was longer in the DDKA cohort, as would be expected given the general practice of minimization of cold ischemia time for SPK. Figure 1 depicts kidney and patient survival comparing DDKA to SPK outcomes to 60 months. One-year patient and kidney graft survival rates were similar for patients with T2DM undergoing SPK or DDKA. After 1 year, patient ( Figure 1A ) and graft ( Figure 1B ) survival began to favor SPK (Kaplan-Meier unadjusted survival rate at 5 years for SPK versus DDKA, 82.0% versus 75.5%; P=0.04). The difference in graft survival was primarily explained by differences in survival because death-censored kidney graft survival ( Figure 1C ) did not differ between groups at 1 or 5 years.
A key question is whether the survival differences depicted in Figure 1A were attributable to the added pancreas transplant or, rather, to another factor, given the differences in baseline characteristics. Table 2 shows results of a multivariable analysis of death-censored kidney graft survival and of patient survival, examining all variables identified as potential covariates from Table 1 . Of note, SPK was not significantly associated with survival (hazard ratio for death among DDKA versus SPK recipients, 0.90; 95% Figure 2 depicts kidney and patient survival comparing LDKA to SPK outcomes to 60 months. There was early separation for patient, graft, and death-censored graft survival curves favoring LDKA, which increased until 5 years (Kaplan-Meier unadjusted survival rate at 5 years for SPK versus LDKA, 82.0% versus 87.3%; P=0.003). When accounting for differences in baseline characteristics noted in Table 1 , multivariable analysis of death-censored kidney graft survival and of patient survival indicate a significant survival advantage for T2DM patients undergoing LDKA compared with SPK (hazard ratio for death-censored graft survival among LDKA versus SPK recipients, 0.66; 95% confidence interval, 0.44-0.98; hazard ratio for death among LDKA versus SPK recipients, 0.50; 95% confidence interval, 0.35-0.71) (Table 3) .
Finally, pancreas allograft function as reported to the SRTR was assessed. Pancreas allograft survival for the T2DM cohort was similar to that reported earlier for patients with T1DM during the same era (4). Unadjusted pancreas allograft survival rates were 83.7% and 71.0% at 1 and 5 years, respectively, whereas death-censored pancreas graft survival rates were 87.7% at 1 year and 83.6% at 5 years. These results reiterate the findings of prior studies that describe excellent outcomes with SPK, irrespective of the recipient's type of diabetes.
Discussion
To our knowledge, this is the first study to compare outcomes of SPK, DDKA, and LDKA in patients with T2DM who may be considered eligible for SPK under current policies. Using a selected cohort of T2DM recipients who have a BMI of 18-30 kg/m 2 and are younger than 60 years of age (consistent with current practice and allocation policy), we report several important findings: (1) approximately 10% of DDKA recipients with T2DM who fit the preceding criteria underwent SPK from 2000 through 2008; (2) kidney, pancreas, and patient survival were excellent in the SPK cohort, with higher patient survival on unadjusted analysis than that in patients who had DDKA; (3) the survival advantage in the SPK cohort compared with the DDKA group at 5 years was not associated with the additional pancreas transplant but, rather, with other factors specific to this cohort (including the receipt of a transplant from a younger organ donor, younger recipient age at transplantation, and less waiting time before transplantation); and finally, (4) we confirm that LDKA is associated with survival advantages to 5 years compared with SPK and provides the greatest opportunity for optimal patient and graft outcomes for this population. Although these findings support the judicious use of SPK in selected T2DM recipients who do not have a living donor available, caution must be used before a generalized expansion of this treatment option can be considered for T2DM recipients.
Aside from the differences noted in Table 1 , it is highly likely that the approximately 10% of patients with T2DM who underwent deceased-donor SPK have different patient characteristics than the remaining DDKA cohort and are difficult to capture by age and BMI constraints alone. Such factors as insulin sensitivity and resistance, underlying C-peptide production, other comorbid conditions (e.g., cardiovascular disease), or transplant center effect may contribute to the selection and outcomes of the SPK cohort (6-9). These measures are poorly captured in registry data, and, even if they were available, the interpretation of these data can be even more problematic (e.g., the insulin sensitivity or resistance of the diabetic patient whose condition is controlled by diet and who has a hemoglobin A1c value of 7.0 should not be compared with that in the patient who is receiving 10 units of insulin daily and has a hemoglobin A1c value of 6.0). As described in the introduction, the recent change in pancreas allocation policy is a step toward improving the definition of patients who may be considered eligible for SPK by applying C-peptide and BMI criteria. Medication use and hemoglobin A1c data both before and after transplantation would further improve understanding of pancreas transplantation outcomes in both T2DM and T1DM recipients, even if interpatient comparisons may be challenging. Although the findings on multivariable analysis do not suggest a beneficial effect of the added pancreas transplant on kidney graft or patient survival per se, this should not dissuade consideration of SPK for the selected T2DM candidate who does not have a living donor available. Our findings do not consider the benefits of euglycemia on quality of life (10, 11) or the possible effect on secondary complications of diabetes, as has been described in T1DM recipients (12) . In addition, the effect of euglycemia on graft or patient survival may not be apparent until beyond 5 years (12) . The survival benefit of SPK over DDKA has been consistently reported for T1DM recipients, with difference in survival noted as early as 12 months after transplantation (13) . This benefit appears to be related to both kidney donor quality and a functional pancreas transplant for the first era (approximately 5 years) after transplantation (2, 14) . However, in a large retrospective analysis of T1DM recipients, after 5 years SPK was associated with a reduction in mortality risk, and after 10 years, with a reduction in risk for kidney graft loss, suggesting that over time the benefits of SPK become more evident (3, 15) .
In contrast to the relatively similar survival outcomes noted with LDKA versus SPK in T1DM recipients in previous studies (2,3,13,15) , for the T2DM recipients LDKA provides both graft and patient survival advantages versus SPK, at least for the follow-up duration of this study. Whether the euglycemic effects of the added pancreas transplant ultimately may lead to a survival advantage compared with LDKA cannot be ruled out, but it is not evident on the basis of 5-year estimated survival rates. This is different from the findings in T1DM recipients, who show similar unadjusted survival before the 5-year point with SPK versus LDKA (13). The results from these studies in total suggest that a priority for SPK allocation is more strongly supported for the T1DM candidate than the T2DM candidate.
From the perspective of deceased-donor organ allocation, the results of this study support the use of SPK for T2DM recipients under current clinical practice, and expansion of this population without continued consideration of longer-term outcomes may have untoward effects on other patient populations. As noted earlier, T2DM SPK recipients who underwent transplantation from 2000 through 2008 are likely to have unaccounted-for differences from other T2DM candidates that contributed to their eligibility for SPK. Expansion of this cohort would reduce the number of donor pancreases available and reduce the number of SPK procedures for T1DM recipients, a population in whom survival benefits are much better defined. Further, the priority given to SPK versus DDKA in the current allocation algorithm favors the T2DM patient undergoing SPK at a pancreas transplant center over all other kidney transplant recipients at transplant centers that do not perform pancreas transplantations for a given region. The waiting time for transplantation is expected to be significantly shorter for the SPK candidate. UNOS policy has therefore placed a 6-month review process in place in order to reduce the BMI eligibility criteria by 2 kg/m 2 if more than 10% of the SPK waiting list is composed of patients with T2DM.
Aside from the limitations of this comparison noted above, other limitations of this study deserve mention. This is a retrospective database analysis; the definition of T2DM is left to the discretion of the individual reporting center and does not take into account variations in diabetes phenotype, such as the subset of T2DM recipients with mature-onset diabetes of the young (16) . Until recently, the definition of diabetes as reported to the SRTR does not require data regarding medication use, C-peptide values, or any other feature that may confirm that the patient does not have T1DM. However, the diagnosis of T2DM is less likely to be in error than is the diagnosis of T1DM (e.g., it is more common to mislabel a patient with T2DM who requires insulin as having T1DM than the converse). In addition, when a cohort with BMI #30 kg/m 2 is being selected, it should be acknowledged that BMI can change over time and that the BMI analyzed represents the BMI at listing rather than at time of transplantation. Finally, because of the study's retrospective design, we could analyze and report only the variables available through the Standard Analysis Files from SRTR, in which certain variables are universally collected (e.g., death, graft loss), whereas others are less complete (acute rejection, immunosuppression). Given that our primary endpoints were graft and patient survival, our data form the best interpretation of available data. In summary, carefully selected patients with T2DM enjoy excellent patient and kidney and pancreas graft survival with SPK, but graft and patient survival at 5 years are not associated with the added pancreas transplant compared with DDKA. For a similar cohort of T2DM candidates, LDKA provides better patient and graft survival than does SPK. Current allocation policy that encourages consideration of SPK for T2DM candidates deserves close monitoring to better define the outcomes of the T2DM SPK recipient and the potential effect on organ availability for other populations on the waiting list. Patients had type 2 diabetes, were age 18-59 years, had a body mass index # 30 kg/m 2 , and were undergoing simultaneous pancreaskidney transplantation or living-donor kidney transplantation alone from 2000 through 2008. Hazard ratios were obtained from Cox proportional hazards regression model. CI, confidence interval; LDKA, living-donor kidney transplantation alone; SPK, simultaneous pancreas-kidney transplantation; BMI, body mass index; IL-2ra, interleukin-2 receptor antagonist; TAC, tacrolimus; MPA, mycophenolate mofetil.
